Abstract Compared to HIV-infected persons who do not inject drugs (non-IDU), persons who inject drugs (PWID) experience disparities in linking to medical care, initiating antiretroviral therapy (ART) and achieving viral suppression. There has been little attention to changes in these disparities over time. We estimated the proportion of PWID and non-IDU retained in care, on ART, and virally suppressed each year from 2001-2012 in the Johns Hopkins HIV Clinical Cohort (JHHCC). We defined active clinic patients as those who had C1 clinical visit, CD4 cell count, or viral load between July 1 of the prior year, and June 30 of the analysis year. Within a calendar year, retention was defined as C2 clinical visits or HIV-related laboratory measurements [90 days; ART use was defined as C1 ART prescription active C30 days; and viral suppression was defined as C1 HIV viral load \400 copies/ mL. While PWID were less likely to be retained in earlier years, the gaps in retention closed around 2010. After 2003-2004, PWID and non-IDU retained in care had similar probability of receiving a prescription for ART and PWID and non-IDU on ART had similar probability of viral suppression.
Introduction
Given the reduced morbidity, mortality and infectiousness associated with viral suppression on antiretroviral therapy (ART), achieving viral suppression is the ultimate goal for HIV-infected individuals, HIV providers and public health practitioners [1] [2] [3] . Achieving viral suppression requires successful transition through several steps, including HIVdiagnosis, entry into medical care, retention in care, and prescription of ART. This framework for measuring progress towards viral suppression in a population has been dubbed the HIV care continuum [4, 5] . There are multiple versions of the care continuum but one simple depiction is available in Fig. 1 . Examining attrition from one stage to the next may give clues about potential targets for population interventions to improve HIV outcomes [6, 7] . Examining the distribution of an HIV-infected cohort across the continuum stages over time is a means for monitoring progress towards improved public health systems for people living with HIV [8, 9] . Within a single clinic (or health system), the HIV care continuum framework can be used as a metric by which the clinic (one entity within the larger public health system) can monitor changes in clinical practices over time.
Injection drug use (IDU) is associated with poorer HIVrelated outcomes and faster progression of HIV disease [10] [11] [12] . Specifically, prior research has suggested that persons who inject drugs (PWID) experience greater delays in linking to HIV medical care, are less likely to be retained in care, are less likely to be prescribed ART and are less likely to be virally suppressed once on ART [6, [13] [14] [15] .
However, few prior studies have considered the association between IDU and progression through multiple stages of the HIV care continuum in the same cohort [16] . Furthermore, as ART regimens have improved (perhaps alleviating some concerns about initiating a patient with prior IDU on ART) and clinical care models have evolved, we are not aware of any studies that have examined how progression through the HIV care continuum has changed over time for PWID versus non-IDU.
Herein, we present estimates of the proportion of PWID and non-IDU retained, started on ART and virally suppressed by calendar year (unshaded boxes in Fig. 1 ), after enrollment into care in a large, urban HIV clinic. In secondary analyses, we examine different markers of retention and their association with IDU and calendar time.
Methods

Study Population
The Johns Hopkins HIV Clinical Cohort (JHHCC) consists of all HIV-infected persons age 18 years or older who enroll in HIV care at Johns Hopkins outpatient HIV clinic and consent to share their data (approximately 95 % of persons who enroll into continuity care). For this study, we included all HIV-infected persons who enrolled in the JHHCC since the cohort inception in 1995 through June 30, 2012 , who had at least one clinical visit in the outpatient HIV clinic or elsewhere on the Johns Hopkins medical campus (the Johns Hopkins Hospital and associated ambulatory clinics) or at least one CD4 cell count or HIV viral load measurement between July 1, 2000 and June 30, 2012. We did not employ any exclusion criteria.
Patient characteristics including sex, race, age, HIV acquisition risk factors, prior AIDS diagnosis, and prior use of any antiretroviral drugs were ascertained through conversations between patient and physician at enrollment. Collection of these data were standard (collected on all patients) but not standardized (asked in the exact same manner of all patients), and like all self-report data are subject to recall bias and social desirability bias. Patients who reported IDU as a probable source of their HIV infection when they enrolled into care were classified as PWID. Baseline laboratory values were defined as those measured closest to the date of study enrollment, within a window 6 months prior to and 1 month after enrollment. Patients enrolling in the JHHCC may be new to HIV care or may be transferring care from another HIV provider. Patients were classified as having AIDS at baseline if the date of their first AIDS diagnosis preceded their enrollment date. Patients were classified as ART-naïve if they had not initiated ART prior to their enrollment date. Collection of data on patients in the JHHCC, and this analysis of that data, were approved by the Johns Hopkins Hospital institutional review board.
The cohort of HIV-infected patients on which each calendar year-specific estimate of retention, ART use and viral suppression was based, varied. Because the JHHCC is a clinical cohort, patients may transfer to another clinic and not notify the JHHCC; for these patients, failure to return to the JHU clinic is not the same as failure to be retained in HIV care. Therefore, to estimate the probability of retention in a given year, we need to restrict the study sample to the subset of patients ever enrolled in the JHHCC with some indication that they are still actively enrolled in care at JHU. We defined patients as ''active'' in a calendar year if they had at least one clinical visit (within the HIV clinic or in any other setting within the Johns Hopkins Medical system), CD4 cell count, or HIV viral load between July 1 of the prior year and June 30 of the present year. CD4 cell count and HIV viral loads conducted anywhere within the Johns Hopkins Medical system or at one of two large commercial laboratories in Baltimore are captured by the JHHCC and are utilized in this analysis.
Outcomes Measurement
The primary definition of retention we used was attendance at C2 clinical visits or HIV-specific laboratory measurements (CD4 cell count or HIV viral load) [90 days apart between January 1 and December 31 of the calendar year. This definition of retention is similar to the Health Resources and Services Administration (HRSA) HIV/ AIDS Bureau (HAB) metric for retention in place during the bulk of our study period, and guidelines for clinical practice that advised patients be seen approximately every 3-4 months for viral load monitoring [17, 18] as having the most recent HIV viral load measurement \400 copies/mL or all HIV viral load measurements in the calendar year \400 copies/ mL. A threshold of\400 copies/mL was used rather than a more stringent criterion such as \50 copies/mL since the calendar time frame of our analysis substantially covered years when \400 copies/mL was the clinical standard for defining viral suppression. As a result of our highly sensitive, but potentially less specific definitions, our results should be interpreted as an upper bound for estimates of retention in care, ART use and viral suppression. Due to the nature of the data (clinical cohort) we are unable to estimate the rate of entry to care after HIV diagnosis ( Fig. 1 ).
Analysis
We calculated crude proportions of patients retained, on ART and virally suppressed as the proportion of active patients who met the definition of retention, the proportion of patients who met the definition of retention who also met the definition for being on ART, and the proportion of patients who met the definition for being on ART who also met the definition for viral suppression, respectively. That is, persons classified as being virally suppressed were, by definition, a subset of those on ART. Those on ART were, in turn, a subset of those retained, and those retained were a subset of active patients. Persons who died in a calendar year were included in the numerator and denominator of any calculations if they also met the definition the numerator or denominator prior to death (i.e., persons were not excluded from estimates if they died).
To quantitatively evaluate the association between IDU and retention, ART use and viral suppression, and to determine whether that association changed over time, we fit inverse-probability weighted log-binomial regression models for: (1) retention in care among active patients; (2) ART use among those retained; and (3) viral suppression among those on ART. Dependent variables in these models were: IDU, indicator variables for calendar year (to allow retention, ART use and viral suppression to vary over time), and the product of IDU and calendar year indicator variables (to be able to detect differences in the risk ratio for retention, ART use and viral suppression associated with IDU to vary over time). Because patients could contribute multiple records to the analysis (one for each year in which they were an active patient) we used generalized estimating equations (GEE) with an exchangeable correlation matrix to control for correlated observations. We report the relative risk of retention, ART use and viral suppression comparing PWID to non-IDU by year, standardized to the marginal distribution of: age, sex, race, Proportion using ART # Patients using ART/# active patients
Patients virally suppressed
Among patients using ART, those with C1 HIV viral load \400 copies/mL between January 1 and December 31 of present year
Proportion virally suppressed # Patients virally suppressed/# active patients male-to-male sexual contact (MSM) acquisition risk, heterosexual acquisition risk, and ART use, history of AIDS diagnosis, and values of CD4 cell count and HIV viral load at enrollment into the cohort. Standardization was accomplished using inverse probability weights [19] . Weighted estimates control for differences in demographic or baseline clinical characteristics among PWID and non-IDU who enrolled, so that any disparities in continuum outcomes are not due to these other patient characteristics. We estimated the weights using predicted probabilities of IDU acquisition risk from a logistic regression model for IDU, with all of the standardization variables as predictors. To improve model fit by allowing for a non-linear relationship between continuous variables and the probability of reporting IDU acquisition risk, we modeled all continuous variables using restricted quadratic splines with knots at the 5th, 35th, 65th, and 95th percentiles [20] . We used robust standard errors when calculating 95 % confidence intervals for all estimates.
Secondary Analyses
A number of different definitions of retention in HIV care have been employed in the literature [21, 22] , and HIV clinical care guidelines continue to change (specifically, by increasing the acceptable interval between visits for patients who are well-established on ART and virally suppressed) [18, 23] . These changing guidelines may affect the sensitivity of the current HRSA definition of retention in care [24] . Therefore, we examined the impact of several other retention definitions. In addition to (1) our primary definition of retention (C2 clinical visits [90 days apart), we also considered the following definitions of retention: (2) C2 HIV-related laboratory measurements (CD4 cell count or HIV viral load) [90 days apart; and (3) C2 routine, general health-related laboratory measurements (hemoglobin or sodium measurements) [90 days apart. The second definition of retention is one primarily used by HIV surveillance programs [25] . The third definition of retention measures any engagement in medical care within the Johns Hopkins system. We examined trends in retention over time, stratified by IDU, according to of these three definitions. We also compared subsequent HIV care continuum outcomes (probability of being on ART or virally suppressed), stratified by IDU, for person-years meeting each of these three definitions (by person-years we mean that patients contributed records for each year in which they were active in the clinic, each of which could be independently classified as retained, on ART or virally suppressed). We conducted all analyses in SAS 9.4 (SAS Institute Inc., Cary, NC).
Results
Study Sample
There Table 2 ). Each year, from 2001 to 2012, between 670 and 824 PWID and between 1145 and 1604 non-IDU were active clinic patients (defined as having had a visit or an HIV laboratory measurement in the last 6 months of the prior year, or the first 6 months of the current year). The number of active PWID declined very slightly over time, while the number of active non-IDU increased over time.
Retention
The proportion of active clinic patients who had C2 clinical visits in a given calendar year (retained) increased over time for PWID, with the sharpest increase coming from 2007 (70.5 % retained) to 2008 (75.4 % retained) ( Table 3 ). The proportion of non-IDU retained was approximately constant over time, and was higher than the proportion of PWID in all years except 2012. The result of these trends was that disparities in retention between PWID and non-IDU disappeared over time. Indeed, after standardizing on baseline demographics and clinical status, PWID had a statistically significantly lower probability of being retained in care in all calendar years until 2010 (Table 4) .
ART Use
The proportion of active PWID who were on ART increased over time; increases were gradual and began almost immediately from 2002-2003. In contrast, the proportion of active non-IDU who were on ART was fairly constant until 2007, increased until 2009, and remained approximately constant again through the end of the study period in 2012. Given PWID had a lower probability of being retained than non-IDU, it is perhaps not surprising that across all years, active PWID also had a lower probability of ART use (supplemental Table 1 ). Yet, among persons who were retained in care, standardizing on baseline demographics and clinical status, PWID and non-IDU had similar probabilities of ART use [relative risk of ART use in 2012 was 0.94, 95 % confidence interval (CI) 0.88, 1.01] (Table 4 ).
Viral Suppression
Increases in viral suppression followed a pattern similar to ART use, increasing gradually and consistently over the 12-year period covered by this study (Fig. 2) . The proportion of active non-IDU who were virally suppressed was consistently higher than the proportion of PWID who were suppressed, but the difference in proportion suppressed decreased over time. By 2012, 69.1 % of active PWID were virally suppressed while 71.0 % of non-IDU were virally suppressed (Table 3) . Among persons who were on ART, PWID and non-IDU had similar probabilities of being virally suppressed. For example, in 2012, the standardized relative risk of viral suppression comparing PWID to non-IDU who were on ART was 0.98 (95 % CI 0.94, 1.03) (Table 4) .
Supplemental Analyses: Defining Retention
We contrasted retention as defined by C2 clinical visits [90 days apart, with retention as defined by C2 HIV laboratory measurements [90 days apart and retention as defined by C2 general laboratory measurements [90 days apart. Inference about patterns of retention over time for PWID and non-IDU were approximately the same regardless of the definition of retention used. Retention defined by clinical visits was generally lower than retention defined by HIV laboratory measurements. Among PWID, retention defined by HIV laboratory measurements was generally lower than retention defined by general laboratory measurements. Among non-IDU, retention estimates were generally equal or slightly higher when retention was defined by HIV laboratory measurements or general laboratory measurements (supplemental Table 2 ). The probability of ART use and viral suppression was highest in person-years in which patients were classified as retained by both clinical visits and HIV laboratory measurements (86.2 and 75.1 %, respectively), and lowest in person-years in which patients were not classified as retained by either definition (1.4 and 0.8 %, respectively), and was similar for PWID and non-IDU (Table 5) . Contrasting person-years in which patients were classified as retained by one measure but not both, ART use and viral suppression was generally most prevalent when patients were retained by HIV laboratory measurements and not clinical visits (75.6 and 60.2 %, respectively, compared to 71.5 and 43.5 %). Upon knowing whether a patient was retained as defined by visits and as defined by HIV laboratory measurements, knowing whether he or she was retained by general laboratory measurements did not appreciably change estimates of the probability of ART use or viral suppression (supplemental Table 3 ).
Discussion
We used the HIV care continuum framework to measure engagement in HIV clinical care among PWID and non-IDU over time in a single, large, urban HIV clinic. Probability of retention in care, ART use and viral suppression all increased over time. In nearly all calendar years, the probability of retention in care, ART use or viral suppression was lower among PWID compared to non-IDU. However, disparities between PWID and non-IDU were no longer statistically significant after 2010, and were nearly mitigated by 2012. When we conditioned on engagement in the prior continuum stage, after around 2003-2004, among people retained in care, PWID and non-IDU had similar probabilities of having had a prescription for ART and among people on ART, PWID and non-IDU had approximately the same probability of having at least one undetectable viral load measurement. Prior studies have reported on poorer retention in care, lower probability of ART use, and lower probability of viral suppression among PWID compared to non-IDU [6, [13] [14] [15] , but we believe this study to be one of the first to consider all three outcomes together, over time. By including calendar time in our analysis, we have been able to document improvements in retention among PWID such that the probability of retention in recent years was statistically indistinguishable comparing PWID and non-IDU. There are multiple interventions that have been shown to increase engagement in care [26] [27] [28] and the Johns Hopkins HIV Clinic has put a priority on retention. By considering all three outcomes together, we were able to determine that the lower probability of viral suppression seen among PWID may primarily be a function of ART use.
Another strength of our analysis was the consideration of several different definitions of retention. Although HRSA recommends measuring retention using visit attendance, public health surveillance data is forced to rely on laboratory-based measures of retention [29] . We did not consider the other main retention measure: missed clinical visits. The definitions of retention are not perfectly correlated, as seen in our study and as reported previously [21, 22] . Our results indicate that considering both retention measures provides additional information about patients' level of engagement in care, beyond the information provided in a single measure alone.
As mentioned in the methods section, the definitions of retention, ART use and viral suppression were highly sensitive, but not particularly specific. This may have implications for our finding that PWID who were on ART were not less likely to be virally suppressed compared to non-IDU. In a previous examination comparing PWID and non-IDU in the JHHCC, it was found that PWID spent more time after enrollment on ART but not virally suppressed [30] . In this study, PWID who had at least one viral load measure \400 copies/mL (and classified as virally suppressed) may have been more likely to have other viral load measures during the calendar year C400 copies/mL than non-IDU. If we had, instead, used a stricter definition of viral suppression, such as ''all viral load measurements during the calendar year \400 copies/mL,'' we may have inappropriately classified persons as not suppressed if they were unsuppressed at the beginning of the year, but initiated ART during the calendar year and had all subsequent viral load measurements \400 copies/mL. Reconciling these issues requires shifting estimation of the HIV care continuum from purely cross-sectional to be more longitudinal [30] . While our definitions of retention, ART use and viral suppression were highly sensitive, we did exclude patients from being classified as on ART if they were not retained or Table 4 ). Including these people as on ART or virally suppressed, respectively, would necessarily increase our estimates of the proportion of patients meeting those definitions, but not the observed patterns. Furthermore, patients on ART but not retained are less likely to be stable on ART throughout the year, and patients who are virally suppressed but not on ART are less likely to be stably virally suppressed throughout the year. Thus estimates of ART use and viral suppression that included these patients are likely to be misleadingly optimistic.
A limitation of our analysis is that IDU was measured only as self-reported history of IDU at enrollment into HIV clinical care. There is the possibility that due to social desirability bias, new patients would under-report history of IDU. However, physicians in the Johns Hopkins HIV clinic are non-judgmental in their interactions with patients while ascertaining HIV acquisition risk and the prevalence of reported IDU was high in this cohort. As such, we believe under-reporting of IDU in this clinical cohort to be similar to or less than other clinical cohorts. History of IDU is not equivalent to ongoing drug use (and non-IDU can use illicit drugs) so our results do not correspond to the association between current drug use and retention, ART use or viral suppression. Further investigations into current illicit drug use could provide insights into the observed association between history of IDU and ART use. However, for measuring and monitoring disparities in progression through the HIV care continuum, history of IDU is measured consistently across nearly all HIV cohorts, which allows for comparability between studies. Under-ascertainment of IDU would likely bias our estimates of disparities comparing PWID and non-IDU toward the null (since PWID incorrectly classified as non-IDU would make the non-IDU group look more like the PWID).
In conclusion, we have documented improvements in HIV clinical engagement for PWID and the diminishment of disparities in retention, ART use and viral suppression between PWID and non-IDU. Reductions in disparities appear to be primarily driven by increases in retention and ART use (rather than viral suppression while on ART). Retention is not a simple concept to measure, and understanding the many different ways that patients engage with the healthcare system may help identify barriers to care and opportunities for increasing retention and subsequent engagement for both PWID and non-IDU.
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